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PDQXIDFWXUH LQVWDOODWLRQDQG WHVWZHUHV\VWHPDWLFDOO\JLYHQ7KHGRPHURRIRI WDQN LVDFWXDOO\RQHNLQGRIIUDPH
VWUXFWXUH VR WKHPHWKRGV DLPHG DW )($ LQ WKLV &RGHPD\ EH JHQHUDOL]HGWREHFRPHFRPPRQJXLGHOLQHV RI )($
DQDO\VLVIRUWDQNURRI
1.3. Approach of buckling analysis for frame structure 
6LPLODU WRSUHVVXUHYHVVHO WKHPDLQIDFWRUVDIIHFWLQJWKHVWDELOLW\RIIUDPHVWUXFWXUHLQFOXGHLQLWLDOGHIHFWQRQ
OLQHDUFKDUDFWHULVWLFVPDWHULDOEHKDYLRUV VXSSRUWLQJFRQGLWLRQVORDGGLVWULEXWLRQPHVKJHQHUDWLRQDQGVRRQ7KH
ILUVW RQH LH LQLWLDO GHIHFWZLOO VLJQLILFDQWO\ LPSDFW WKH VWDELOLW\ RI DOO NLQGV RI IUDPH VWUXFWXUH VR LW VKRXOG EH
FRQVLGHUHGLQWKHIROORZLQJDQDO\VLV
$FFRUGLQJWR-*->@WKHVWDELOLW\RIIUDPHVWUXFWXUHFDQEHFDOFXODWHGEDVHGRQJHRPHWULFQRQOLQHDUILQLWH




1.4. Criterion of allowable load for stability 
/RDGYDOXHDWWKHILUVWFULWLFDOSRLQWREWDLQHGIURPWKHJHRPHWULFQRQOLQHDUDQDO\VLVZLWKHODVWLFRUHODVWLFSODVWLF
PDWHULDOPRGH FDQ EH XVHG DV OLPLW ORDG IRU VWDELOLW\ RI GHIHFWLYH IUDPH VWUXFWXUH 7KH DOORZDEOH ORDG YDOXH IRU




RQ WKH URRI ,W LV D VSHFLDO LQLWLDO GHIHFWZKLFK LV ORFDO UDWKHU WKDQJOREDO FRPSDUHG WR WKDW FDXVHGE\ LQVWDOODWLRQ
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GHYLDWLRQ +RZ WKLV ORFDO LQLWLDO GHIHFW DIIHFWHG WKH VWDELOLW\ RI URRI FRPELQHG ZLWK UHJXODU JOREDO LQLWLDO GHIHFW
XVXDOO\VLPXODWHGE\QRQOLQHDUEXFNOLQJDQDO\VLVZLOOEHVWXGLHGDQGGLVFXVVHGEHORZ


















2.2. Load condition 
$FRPSOHWHWDQNGHVLJQVKRXOGFRQVLGHUDOONLQGVRIORDGVLQFOXGLQJLQWHUQDORUH[WHUQDOSUHVVXUHHJGHDGORDG
GXH WRZHLJKW OLYH ORDG GXULQJ FRQVWUXFWLRQ ZLQG DQG VHLVPLF ORDGV DOO RIZKLFK KDYH DOUHDG\ EHHQ H[DPLQHG
GXULQJGHVLJQSKDVH6RLQWKLVSDSHUZHRQO\VWXGLHGWKHVWDELOLW\RIURRIZLWKSRWKROHXQGHUH[WHUQDOSUHVVXUHDQG
GHDGORDGVXFKDVZHLJKW






















2.4. Initial defect 
%HIRUHWKHQRQOLQHDUDQDO\VLVZDVSHUIRUPHGWKHLQLWLDOGHIHFWVKRXOGEHREWDLQHGDQGLPSRVHGRQWKH)(PRGHO
ZKLFKZRXOGJUHDWO\LPSDFWWKHVWDELOLW\
2.4.1. Initial defect from linear buckling mode 
7KH LQLWLDO GHYLDWLRQV RI WKH MRLQW SRVLWLRQV DUH WKH PDLQ LQLWLDO JHRPHWULFDO GHIHFWV WKDW DIIHFW WKH VWDELOLW\
SHUIRUPDQFHRI WKH ORQJVSDQVSDWLDO VWUXFWXUHV7KHXVXDOZD\ WRDWWDLQ LQLWLDOGHIHFW LVEDVHGRQ OLQHDUEXFNOLQJ
PRGHZKLFKLVDOVRUHFRPPHQGHGE\-*->@'XULQJWKHGHVLJQSKDVHGHVLJQHUFRXOGQRWH[SHFWWKHDFWXDO
GHYLDWLRQRIFRQVWUXFWLRQ6R LQLWLDOGHIHFW IURP OLQHDUEXFNOLQJPRGHOXVHG LQ)($LVFRQVHUYDWLYH7KHDQDO\VLV
UHVXOWVRIWKHILUVWWKUHHPRGHVDUHSUHVHQWHGLQ)LJa)LJ7KHGLVSODFHPHQWZDVVFDOHGXSIRUFOHDUGLVSOD\7KH
ORDGPXOWLSOLHUVIRUWKHILUVWVHFRQGDQGWKLUGPRGHZHUHDQGUHVSHFWLYHO\
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2.4.2. Initial defect defined by actual condition 
7KH URRI VWXGLHG LQ WKLV SDSHUKDV DOUHDG\EHHQ FRQVWUXFWHGRQVLWH ,WKDV WZRNLQGVRI LQLWLDO GHIHFWV2QH LV
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2.5. Non-linear buckling analysis 
$VPHQWLRQHG DERYH WKHUH DUH WZR NLQGV RI DSSURDFKHV IRU QRQOLQHDU EXFNOLQJ DQDO\VLV JHRPHWULF QRQOLQHDU
DQDO\VLV ZLWK HODVWLF RU HODVWLFSODVWLFPDWHULDOPRGH 7KH DOORZDEOH ORDG YDOXH IRU VWDELOLW\ HTXDOV WR OLPLW ORDG
GLYLGHGE\WKHVDIHIDFWRUIRUHODVWLFPDWHULDOPRGHODQGIRUHODVWLFSODVWLFPDWHULDOPRGHOUHVSHFWLYHO\,QWKLV
VWXG\HODVWLFPDWHULDOPRGHZDVXVHG




























2.5.2. Checking the stability of roof with pothole 
7KHQRQOLQHDUEXFNOLQJDQDO\VLVUHVXOWRIWKHURRIZLWKDSRWKROHZDVVKRZQLQ)LJDVEHOORZ
$V FDQ EH VHHQ IURP )LJ  XQGHU H[WHUQDO ORDG WKH VWUXFWXUHZDV NHSW HODVWLF DW WKH EHJLQQLQJ RI ORDGLQJ
SURFHVV7KHGHIRUPDWLRQDW WLPHVWHSZDVPPZKLFKZDVDOUHDG\EH\RQGWKHDOORZDEOHYDOXHPP
UHTXLUHG E\ -*- >@ 7KH GHIRUPDWLRQ DW WLPH VWHS  ZDV PP $QG WKHQ DW QH[W WLPH VWHS
GHIRUPDWLRQRIURRIZDVLQFUHDVHGVXUSULVLQJO\XSWRPPZKLFKLQGLFDWHGWKHVWUXFWXUHFROODSVHG
7KH DOORZDEOH H[WHUQDO ORDG IRU WKLV URRI ZLWK D SRWKROH LV WKH ORDG YDOXH DW WLPH VWHS  GLYLGHG E\ WKH
FRUUHVSRQGLQJVDIHW\IDFWRU7KHUHVXOWZDVPXFKOHVVWKDQGHVLJQORDG
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